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ABSTRACT 
Speech communication is embedded in many daily 
activities. In this paper we investigate the effect of 
biking on respiratory and speech parameters. 
Breathing and speech production were recorded in 
eleven subjects while speaking alone and while 
speaking and biking with different rates. Breathing 
frequency, speaking rate, speech and pause intervals, 
overall intensity and f0 were analyzed for the 
different tasks. It was hypothesized that cyclical 
motion increases breathing frequency, which leads 
to a restructuring of speech and pause intervals or an 
increase in speech rate. Our results generally 
confirm these predictions and are of relevance for 
applied sciences. 
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1. INTRODUCTION 
In our daily life, speech communication occurs during 
all kinds of activities, for instance while walking to a 
shop, to school or to work: people are talking while 
walking, running, biking... However, in how far 
rhythmical motor actions such as walking or biking 
can influence the way we talk, is not well understood. 
Most of the literature on these combined activities is 
concerned with the reduced attention caused by the 
dual process and with the speed of cognitive 
processing. For example, talking on a mobile phone 
changes the way we walk [1], and mathematical 
operations are slower when people additionally walk 
on a treadmill than when they just focus on the 
operations (for a literature review see [2]). 
In order to fill this gap, we propose to investigate 
if and how speech production changes when people 
move. Our working hypothesis is that speech 
production, specifically the temporal sequencing 
between speech and silent pause intervals, is 
influenced by continuous rhythmical movements. 
This hypothesis is grounded on the following 
rational. 
It has been shown for mammals that locomotion 
and breathing are synchronized [3]. With an increase 
in the speed of locomotion, respiratory demands for 
oxygen supply change and lead in general to a 
higher breathing frequency. In the motor control 
literature a synergy between respiration and body 
motion or even posture has often been reported 
[4,5]. Since locomotion increases breathing 
frequency, breathing cycles will be shorter while 
moving. On the other hand, speech production 
involves a specific control of breathing: inhalations 
are shortened and faster than in vegetative breathing 
to reduce pauses, and speech sounds are produced 
during longer and slower exhalation periods [6]. 
Inhalations also have to be synchronized with the 
linguistic content to preserve the discourse flow [7]. 
Consequently, changes in breathing rate due to 
physical effort may have strong consequence on 
speech rhythm. 
Facing the necessity to adapt breathing both to 
the physical effort and to speech production, 
speakers may adopt different strategies when talking 
while biking. They could first increase their 
speaking rate with raised physical effort to produce a 
similar amount of speech in a single breathing cycle 
as when speaking without biking. Alternatively, they 
could preserve a similar speech rate, but chunk their 
speech differently, introducing more pauses in the 
speech flow. Furthermore it is likely that certain 
global phonetic parameters, like f0 and intensity 
may be affected by the physical effort. In particular, 
if muscular tension during biking is transmitted to 
the vocal apparatus, we suppose that mean f0 will be 
higher during the dual task and mean intensity could 
increase as well.  
The study reported in this paper was designed to 
address these hypotheses by analyzing global 
parameters of speech production when speaking 
with different physical efforts. 
2. METHODOLOGY 
2.1. Experimental set-up 
The data presented here are part of a larger project 
designed to study the relation between locomotion, 
breathing and speaking. In this paper we focus on 
the respiratory and acoustic data, but locomotion 
was also recorded is synchrony with breathing and 
speech using 12 VICON MX3+ cameras. 
Respiratory kinematics was recorded by means of 
Inductance Plethysmography (formerly Respitrace) 
simultaneously with the acoustic speech signal by 
means of a head mounted microphone (Beyer-
dynamic Opus 54.16/3). For the biking task a low 
noise ergometer was used (ergo_bike, Daum 
electronic). The participants fulfilled the following 
tasks in successive order: 
• Quiet breathing (ca. 3min) – (Qon) 
• Speaking only (ca. 8 min) – (S) 
• Biking only (ca. 5 min, 70 W) (B) 
• Biking only with effort (ca. 2 min, 140 W) 
(Be) 
• Biking & Speaking (ca. 8 min, 70 W) (SB) 
• Biking with effort & Speaking (ca. 2 min, 
140 W (SBe) 
The experiment took about two hours, and 
participants were paid for their attendance.  
Spontaneous speaking was elicited in condition S, 
SB, SBe by presenting the subjects ten different 
items in written form displayed on a wall. These 
items consisted of a variety of tools, survival kits, 
food, and drinks that could be taken for a trip to a 
lonely island. Participants were instructed to answer 
the following questions: “Imagine you have to go to 
a lonely island and could bring with you only five of 
these ten items. Which ones would you chose? 
Please chose five items, bring them in an order, and 
motivate your choice. Why wouldn’t you take the 
other five items?” None of the ten items was ever 
repeated to avoid learning effects. Each condition 
except of Qon, Be, SBe involved two or three trials.  
For the biking task, subjects were instructed to 
bike in a comfortable way, and defined their own 
speed according to the resistance of the bike. The 
resistance was set to 70 W in the normal biking 
condition and 140 W in the biking with effort 
condition.   
2.2. Speakers and stimuli 
Eleven native speaker of German (10 females) were 
recorded in this study. All of them had a normal 
Body Mass Index. Their age ranged from 18-37 and 
they had no reported history of voice, breath, 
language, hearing, or motor disorders.    
2.3. Data acquisition and processing 
Acoustical and breathing data were sampled 
synchronously at 11030 Hz.  
For the breathing recording, the Respitrace gains 
were the same for the rib cage and abdomen belt. 
After the recording, signals were resampled to 
100 Hz and low-pass filtered at 40 Hz. In the current 
study we analyzed breathing using the sum of two 
thorax’ and one abdomen signals [8] to capture 
changes in overall lung volume. 
In a first step speech intervals were labeled manually 
using Praat (version 5.3.53 [9]). Speech was written 
in the canonical form to allow later matching with a 
German lexicon and to carry out an automatic 
syllable count. We obtained the number of syllables 
from the syllabified canonical transcription of the 
utterances, which was automatically derived by the 
BALLOON toolkit [12]. 
Onset and offset of inhalation phases of breathing 
signals were detected automatically using zero 
crossing of velocity profiles and peak velocity 
threshold. Boundaries were then checked manually 
and corrected when required. Noisy intervals or 
interval with artifacts were ignored. The breathing 
cycle was defined from the onset of an inhalation to 
the onset of the next inhalation (see Figure 1), since 
these landmarks could be detected with a greater 
reliability than the offset of exhalation.   
2.4. Acoustic and respiratory analyses 
Praat functions were used to compute the intensity 
(minimum pitch: 100 Hz, window: 8 ms, time step: 
2 ms) and the f0 (autocorrelation, f0 floor 75 Hz, 
ceiling 600 Hz, time step: 10 ms) of the signals. We 
characterized each speech unit by: its duration, the 
number of syllables, the average intensity, and the 
average f0. For every trial involving speech 
production (S, SB, SBe), the percentage of speech 
and silent pause intervals were calculated by dividing 
the sum of the duration of the speech intervals and the 
sum of the duration of the pauses intervals by the total 
duration. We also computed the global speech rate as 
the total number of syllables in the speech intervals 
divided by the sum of the duration of these intervals. 
Furthermore, we computed the duration of each 
breathing cycle. This measure was used to determine 
the breathing frequency in each trial as the number of 
breathing cycles in the trial divided by the sum of 
their duration. 
 
Figure 1: Sample of acoustic signal (top) and 
associated breathing signal (bottom). Vertical lines 
on the breathing signal indicate onset and offset of 
inhalation (In, Ioff) and offset of the cycle, taken 
as the onset of the next inhalation (Ion_next) 
2.5. Statistical analysis 
For the analyses of the breathing rate we first ran a 
within subjects ANOVA to test the effect of the six 
conditions. We then tested the effect of biking on 
speech breathing rate by comparing S with SB and 
Be conditions using post-hoc comparisons with 
Bonferroni correction. To better investigate the 
effect of effort and its interaction with speech, we 
ran a second ANOVA restricted to the B, Be, SB 
and SBe conditions and two within subjects factors: 
effort (strong vs. normal) and speech (with vs. 
without). ANOVAs were also used for the analyses 
of speech parameters with the condition (S, SB and 
SBe) as a within subject factor.	  
3. RESULTS 
3.1. Breathing rate 
As expected, breathing rate varied according to the 
condition (see Figure 2). ANOVA revealed a 
significant effect of the condition (F(5,50)=36.7, 
p<0.001). Considering only the conditions involving 
speech, breathing rate was significantly increased in 
the dual task and with increased effort (S<SB<SBe). 
The analysis of the biking conditions showed that 
the global effect of effort was almost significant 
(F(1, 10)=4.8, p=.0535). The presence of speech 
during biking clearly decreases breathing rate in 
comparison to biking only (F(1, 10)=24.0, p<.001), 
especially for the low effort condition (interaction 
effort x speech: F(1, 10)=11.0, p<.01). 
 
Figure 2: Average breathing rate (cycles/s) in the 
different conditions (see text for details).  
 
 
3.2. Speech intervals and pauses 
Figure 3 displays the percentage of speech relative 
to the overall duration. Biking clearly induced a 
decrease in the percentage of speech and an increase 
in percentage of pauses, especially in biking with 
greater effort (F(2, 20)=18.6, p<.0001). 
 
Figure 3: Average percentage of speech relative to 
the overall duration in the different speaking 
conditions. 
3.3. Speech rate, intensity and f0 
Figure 4 displays the average speech rate in the 
different conditions. Speech rate rises from an 
average of 4.6 syll/s in the single speaking task to 
5.0 syll/s in the dual task, and reaches the highest 
values (mean=5.2 syll/s) when subjects bike with 
increased effort (F(2, 20) = 15.6, p<.0001).  
 
Figure 4: Average speaking rate (syll/s) according 
to the speaking condition.  
 
Similarly to speech rate, average intensity and 
average f0 show an effect in the dual task. Mean 
intensity increases in speaking and biking as 
compared with speaking alone (F(2, 20)=45.96, 
p<.0001). A similar effect was observed for f0 (F(2, 
20)=	  10.2, p<.001). 
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Figure 5: Average intensity (dB) according to the 
speaking condition 
  
Figure 6: Average f0 (Hz) according to the 
speaking condition (the lower value refer to the 
male speaker data).  
 
6. SUMMARY AND DISCUSSION 
This study was designed to evaluate how speech 
parameters and breathing change in a single and dual 
task and with different efforts. In accordance with 
our expectations, we observed an increase in 
breathing rate while biking in comparison to quiet 
breathing. Breathing rate in biking also tended to 
rise with increased biking effort. In the dual task, we 
clearly observed an effect of speech and physical 
effort on breathing rate. When speaking and biking 
in parallel, subjects were not able to ventilate as fast 
as when they biked alone: speech production 
required to slow down the breathing rate. However, 
as required by physical activity, speaking and biking 
with a larger effort involved faster breathing than 
biking with less effort. These first results on 
breathing rate suggest a compromise of ventilation 
between the speaking and the biking tasks. 
Biking also increased the percentage of pauses 
within the speech flow as compared with speaking 
alone. This result could be explained due to the 
necessity to breathe more often.  The shortening of 
speech intervals with increased physical effort is 
accompanied by an increased speaking rate. Faster 
speech could indicate that the speakers try to 
maintain a certain level of information density 
within speech chunks. Speakers may also be aware 
of the higher breathing rate and the potential to get 
out of air and compensate for it by increasing speech 
rate. Further linguistic analyses are now required to 
better quantify where speech pauses occurred (e.g.  
Do they only occur in the inhalation phase?).  
We also observed an increase in average intensity 
and f0 while biking. The higher intensity might be 
related to the noise induced by biking: subjects are 
breathing faster, produce louder breathing noise and 
although we used a low noise ergometer, the bike 
itself also produces some noise. These factors could 
create a kind of Lombard effect [14]. It is also 
possible that the increased muscular effort 
propagates among modalities, i.e. from limb to 
speech muscles. 
In the introduction we proposed two possible 
strategies how speakers perform speech under 
increased breathing rate constraints due to motion: a) 
speakers may increase their speaking rate due to 
shorter breathing cycles in order to include enough 
content in one breath group and b) speakers may 
restructure the speech and silent pause intervals, but 
keep the speech rate constant. Our results suggest 
that speakers adopt an intermediate strategy with 
changes in both. It could now be interesting to 
contrast strategies between different populations, 
especially between sportive vs. non-sportive 
populations. Rhythmical physical activity such as 
biking may also be a path to further explore for 
speech pathology. For example, if physical effort 
transfers to speech production, it could be a helpful 
strategy for patients suffering from Parkinson’s 
disease.  
Speech and pause intervals are crucial elements 
for speech recognition systems [10], and may also 
provide a window investigating speech planning 
[11]. Planning speech while moving is a common 
daily situation that may induce differences in the 
way speech and pauses are chunked together. 
Moreover, mobile devices for oral communication 
provide situations where people are speaking while 
moving. Hence, our findings might be also relevant 
for speech recognition technology to adapt to the 
speaker's physical effort. This adaption refers to 
phonetic variance induced amongst others by effort-
dependent speaking rates.  
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